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Abstract 
The attenuation of vibration in a multi degree of freedom system is presented in this paper. The objective is to employ the instrumentation 
capability of LabVIEW in the implementation of an Active Dynamic Vibration Absorber (ADVA). To reduce vibration, the ADVA and 
the multi degree of freedom systems used is taken to be an intelligent coupled system that determines the resonance frequency and 
subsequently tuned itself to reduce vibration amplitude at the resonance frequencies. The state machine platform in NI LabVIEW is used 
in achieving this objective. Each state is coded and a transition to the next state using interphase detection is used to run the control 
sequence. Each of the state action is well defined and the coupled system ensures a smart response to resonance frequencies. The 
knowledge of the system frequency response function and the ADVA is first studied. The performance of the ADVA is then incorporated 
into the design of the ADVA and implemented on an experimental setup. The result of the implementation reveals a robust adaptation of 
the ADVA to resonance frequencies and also reduction of vibration amplitude at all the resonance frequencies of the multi degree of 
freedom system. 
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Nomenclature 
 DVA natural frequency (Hz) 
 Primary system natural frequency (Hz) 
  DVA stiffness 
 Primary system natural frequency 
 DVA absorber mass 
 Primary system mass 
pk  Proportional gain 
Ik  Integral gain 
Dk  Differential gain 
Subscripts 
a  absorber,        p primary system 
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1. Introduction 
The techniques for controlling vibration are generally classified as passive, active, semi-active or hybrid [1]. The 
comparison of each of these shows important differences. Passive designs are the traditional methods of controlling 
vibrations in structures. They do not require power and they don’t generate unwanted states [2]. However because they are 
sensor less, they don’t respond to changes that may be experienced in the vibrating structures or even the controlling device. 
Another important feature that differentiates a controlling technique is the controlling device i.e. the actuator used [3]. One 
of the device used in controlling vibrations passively are Dynamic Vibration Absorbers/Tuned Mass Dampers (DVA/TMD). 
The use of Dynamic Vibration Absorber (DVA) as a passive controlling device is a well-established concept in vibration 
reduction [4]. For active control of vibration, the Active Mass Damper (AMD) is used as the controlling device [5]. Using 
the DVA for vibration control involves them being tuned to a particular resonance frequency of single degree of freedom 
system (SDOF system).  
MDOF system however behaves differently under excitation as compared to SDOF system. With the former exhibiting 
more than one resonance frequency while the latter usually vibrate at single resonance frequency. The term broadband 
vibration is used when vibration consists of a spectrum of more than a single frequency. This makes the use of DVA for 
MDOF system a complicated issue when compared to SDOF system [6]. However, with the advent of the mechatronics 
engineering discipline, more research into the use of DVA as controlling device for multi-degree of freedom systems 
(MDOF system) is evolving. An important component of the multidisciplinary field of mechatronic design is the software 
used to control the designed mechanical system.   
LabVIEW is a virtual instrument software platform developed by National Instrument (NI); a development tool for 
creating applications using icon code instead of text programming language.  The data acquisition system designed with 
LabVIEW can simulate various signal acquisitions, and brings great convenience to the development of the measurement 
and control system [7]. Also, the computational capacity of LabVIEW makes possible the generation of simpler and easy to 
control systems in which the DVA is one. This important usage is employed when considering using the DVA for vibration 
control role in MDOF system.  
To configure the DVA for MDOF system using soft wares requires an actuator, a control algorithm, a source of power 
for the actuator and sensors. Different modifications on the control algorithm for the DVA actuator have been conducted in 
different researches. This modification on DVA converts it to the more adaptive device known as Active Dynamic Vibration 
Absorber (ADVA). Due to improvements in control theories on actuators, attentions of researchers have been on the use of 
active control rather than the traditional passive control methods. Reliability-based control algorithms have been studied [8]. 
Artificial intelligence has also been employed [9][10] .  The natural frequency of the ADVA responds actively to any 
changes in the building model resonance frequencies.  
The objective of this work is to design and implement a control algorithm on the actuator of the ADVA system using 
LabVIEW. The ADVA is placed on the topmost floor of the MDOF. The experimental results obtained were compared to 
the simulation result to determine the effectiveness and adaptiveness of the ADVA in attenuating vibration. 
This paper is organized into the following sections: Section 1 gives the introduction, Section 2 shows the theory of 
ADVA, Section 3 describes the mathematical modeling of the MDOF system, Section 4 describes the hardware components 
design, Section 5 shows the Labview computation procedure while Section 6 gives the experimental results and Section 7 is 
the conclusion. 
2. Theory of DVA 
The principle of a tuned DVA is based on either the adjustment of the mass or the stiffness. The DVA itself works 
properly when the DVA natural frequency (ωa) is the same as the natural frequency (ωp) of the primary system that is. 
paZ  Z
                                                                            
(1) 
a p
a p
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 where ak  is the DVA stiffness, am  is the DVA mass, pk is the primary system stiffness and pm  is the mass of primary
system.  When the primary system is MDOFs, it vibrates at resonance frequencies that are more than a single frequency.The
se resonance frequencies depend on the number of degree of freedom (DOF) of the primary system. For a MDOFs that has t
hree DOF (three resonance frequencies),    the  natural  frequency of the DVA  ( ) must also be able to adapt to match the 
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three resonance frequencies. These can be achieved by changing the stiffness of the DVA to p1, p2, p3Z Z Z  :which are  
the primary system resonance frequencies and  1, 2, 3a a ak k k  are stiffness of the DVA at the different resonance frequencies. 
Note that the mass am  of the absorber is fixed. By continuously changing the stiffness values of the DVA, it becomes an  
Active Dynamic Vibration Absorber (ADVA). 
 
3. 3DOF System Mathematical Modeling 
The MDOFs to be used is a prototype three story model.  In order to simulate low frequency range for our research, the 
properties of the MDOF system is properly selected so that the resonance frequencies are within the low range broadband 
spectrum. The lumped-parameter system model is used to model the system resonance frequencies. Figure 1 and Figure 2 
shows the MDOFs and its schematic diagram respectively.  Each floor column in the building model is taken to be a spring 
with the stiffness property. The equation that governs the stiffness is represented as follows. 
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where  is the stiffness of each column and  is called flexural rigidity and  is the moment of inertia 
 
 
 
Figure 1: Prototype model 
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Figure 2: Schematic diagram of prototype model 
 
The resonance frequencies of the proposed system are obtained from Equation 4. Mathematically the system equation of 
motion when excited at any particular location using a steady forcing function is written as 
 
      (4) 
where M is the mass matrix, K is the stiffness matrix and F is the forcing function on the MDOFs. The mass and stiffness 
matrices for the selected prototype model are 
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Using Eigen value and Eigen vector analysis where M and K is given in Equation 5 and the input force F is zero, the three 
resonance frequencies of the building model are obtained from eigenvalue-eigenvector analysis. This is represented as ߱1, 
߱2 and ߱3. Also, the response of the first floor, second floor and third floors X= are obtained [11]. The building 
model’s resonance frequencies are shown in Figure 3. These resonance frequencies include the broadband vibration 
spectrum of the MDOF. The ADVA design will therefore be adaptive to this bandwidth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
Figure 3: Resonance frequencies of the three story building model 
4. ADVA Design 
To make DVA adaptively, either the mass components or the spring components is usually configured to the resonance 
frequencies. In this study, the spring component of the ADVA is made adaptive. When a helical spring is attached to the 
actuator, its stiffness property can be varied based on the number of coils selected.  The stiffness property of a helical spring 
is given as 
3
4
8
a
D N
dk        (6) 
where ka is the spring stiffness, d is spring wire diameter, G is the modulus of rigidity of the spring material, D is the outer 
diameter and N is the number of coils required to give the needed stiffness . The equation of the stiffness of the helical 
spring and the number of coils  is given in (7). 
 
 
 
 
 
 
 
 
 
 
Figure 4: Helical Spring 
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where  is number of active spring coils,  is Modulus of rigidity of spring material,  is wire diameter of 
spring,  is mean diameter (outer diameter – wire diameter) and  is the ADVA stiffness. The components of the 
designed ADVA for this study are shown in Figure 5. In the design, the helical spring of the ADVA is attached to the 
brushless DC motor. It is made to either turn clockwise or anticlockwise depending on the initial number of coils in the 
ADVA and the number of coils required. The number of coils required is then kept locked using a locking mechanism which 
is attached to the shaft of the Brushless DC motor.  
Considering the fact that the ADVA components weight when added up must give a mass ratio which is within 
acceptable standard of [0.05   0.25] [13], the appropriate weight for the ADVA is calculated using  
 
0.8 0.21
3.645
a
p
m
m
P         (8) 
 
The process of varying the ADVA stiffness by varying the number of coils in the helical spring is called “tuning” [14]. The 
ADVA must be tuned to accommodate the resonance frequencies of the multi-mode system. The properties of the ADVA 
components are given in Table 1. 
 
 
 
(a)  
 
(b) 
 
(c) 
Figure 5: ADVA Components (a) Helical spring and clamp (b) Absorber mass (c) ADVA 
 
 
                                  Table 1 : Properties of ADVA 
 
Components Property Material 
Absorber mass 800g Steel 
Spring 
Wire diameter (d)=0.002m 
Outer diameter (D)=0.06m 
Total number of coils=12 
Aluminum 
Spring clamp Twisted at 450 Steel 
Spring frame 
Length (l)=0.24m 
Breadth 9(b)=0.15m 
Thickness (t)=0.003m 
Aluminum 
Motor DC12V, Torque: 127.4mN.m BLDC motor 
 
In order to effectively identify the effectiveness of the ADVA in reducing vibration, the ADVA is placed on the 
third floor (topmost floor). 
5. Computation Procedure 
A control strategy needed to implement the ADVA on the three DOFs is developed. The computational procedure of the 
system involves the ability to acquire the excitation frequency at resonance and turn the Brushless DC motor to a precise 
location. IEPE accelerometer is used to acquire the vibration signal and using FFT, an analysis is done to determine the 
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excitation frequency. This ensures that the natural frequency of the ADVA is automatically adjusted to the resonance 
frequency of the prototype model. Since the prototype model is a 3DOF system, the ADVA must tune adaptively to 
attenuate vibration amplitude at any of the three resonance frequency. Since the resonance frequencies are broadband, the 
trigger to the actuator signal is set at three different ranges 5-10Hz, 15-20Hz and 27-32Hz.  From simulation results, the 
resonance frequencies of the prototype model are within these ranges. The motor rotation is calibrated with the natural 
frequency of the absorber. To ensure the motor moves to the proper position a rotary encoder is attached to the motor.   
When one of the resonance frequencies within the broadband is detected, the motor moves to the theoretical position for 
the absorber natural frequency to be equal to the resonance frequency. The control algorithm turns the motor to the desired 
point. This first rotation is an approximation done based on calculation on the number of coils needed to attenuate vibration 
at each resonance frequencies.  
The other stage is to auto-tune the motor precisely to make absorber natural frequency same as the resonance frequency. 
This is because the initial position is not completely an efficient position due to non-linearity issues such as friction forces 
present in the mechanism of the ADVA. To complete the process, the motor is moved clockwise. This gives a reduced 
vibration amplitude level. This new amplitude level is lower than when the ADVA is not tuned to anywhere near this point. 
The motor is then moved anti clockwise and the second reduced vibration amplitude is obtained. The vibration amplitude 
both position of the motor is compared and lowest value is selected. The motion of the ADVA that generates the amplitudes 
is compared and a trigger is sent to move the motor to the best position based on the lowest amplitude. The control process 
is described in figure 6 and is coded using the LabVIEW state machine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Control sequence 
 
The five process highlighted in the control strategy are segmented into five different states. LabVIEW state machine 
codes give the opportunity of segmenting each process into a trigger, action and a result. The initialize state measures the 
resonance frequency using the IEPE accelerometer attached to the vibrating floor. The signal obtained is processed in 
LabVIEW sound and vibration tool kit. With the peak frequency extracted the trigger to the next state is sent.  A feedback 
control strategy is developed to determine the building model amplitude and then control the actuator to change the stiffness 
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property of the ADVA. The feedback control system operates in a reactionary manner. By monitoring and measuring the 
resonance frequency, the control signal is sent to the actuator and adjusts the natural frequency of the ADVA.  Figure 7 
shows the block diagram representing the control flow. 
 
Feedback-based
Tuning strategy
Disturbance d(s)
System output y(s)
Feedback Signal
ADVA
Dynamics
Prototype Building
Model Dynamics
 
Figure 7: Feedback-Based Tuning Controls 
Tuning of the brushless DC motor was achieved using LabVIEW. Experimental results from the performance of the PID 
gains are shown in Table 2. 
 
Table 2 PID gains for Actuator 
 
PID gains 
 
  
Completion Time 
Parameter 
5 30 10 15(s) 
10 40 5 10(s) 
15 50 15 12(s) 
 
where  ,  and P I Dk k k  is the proportional gain,  integral gain and differential gain respectively. 
 The reference position which is the required number of coils is compared to the real position of the motor using the 
encoder. Based on the process completion time, the actuator was observed to have good performance at the values 10, 40 
and 5 for the PID gains respectively.  The experimental setup used for the research is shown in Figure 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Experimental setup 
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Motor Driver 
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6. EXPERIMENTAL RESULTS 
The effect of the ADVA at the  three resonance frequencies of the multi modal system is shown using the time response 
signal in Figure 9, 10 and 11. The adaptiveness of the prototype model from one resonance frequency to another is achieved 
within 10 seconds using LabVIEW. The summary peak reduction in dB for the first, second and third modes of the three 
DOFs are 5.37dB, 11.50dB and 31.68dB respectively. 
 
 
 
 
Figure 9: ADVA at first mode; amplitude in mm 
 
 
Figure 10: ADVA at second mode; amplitude in mm 
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Figure 11: ADVA at third mode; amplitude in mm 
 
 
7  CONCLUSION 
Design and implementation of adaptive ADVA in a multi degree of freedom system using LabVIEW is demonstrated in 
this paper. The percentage reduction in vibration for the first, second and third modes are 46%, 73% and 97% respectively. 
The results shows that as well as making the ADVA adaptive, the ADVA reduced the vibration amplitude of the individual 
modes thus making the ADVA useful for a broadband which accommodate the resonant frequencies of the three DOFs on 
which the ADVA is attached. In general, it is seen that by attaching an ADVA to the building model, the vibration 
amplitudes at the three different resonant frequencies has been reduced. 
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